Recognition of early cognitive impairment in Parkinson´s disease (PD) is important since it represents a risk factor for developing Parkinson's disease dementia and psychosis. The MiniMental State Examination (MMSE) remains the most commonly used screening instrument for global cognition, even though it has not been specifically validated for use in PD subjects. More recently, the Montreal Cognitive Assessment (MoCA) test has been recommended as a better screening tool in PD. Most of these studies have been done in countries with a highly-educated population. The objective of the study is to compare the performance between the MMSE and the MoCA to screen for mild cognitive impairment in subjects with Parkinson's disease and a low education background. The MMSE and MoCA were applied to 128 subjects using a cut-off score of 26 points for cognitive impairment. Fifty-five percent were classified with cognitive impairment according to the MoCA. Forty-one percent of subjects with a normal MMSE were classified with cognitive impairment by MoCA. Results from our analysis could be directly applied to other populations with a high proportion of poorly educated subjects.
Introduction
The long-term cumulative prevalence of dementia in Parkinson's disease (PD) has been reported to be as high as 80% (Aarsland et al.,2003) , while mild cognitive impairment (MCI) occurs in 20-30% of PD subjects (Caviness et al.,2007; Muslimovic Research ,2005) . Recognition of early cognitive impairment in PD is important since it represents a risk factor for developing Parkinson's disease dementia (PDD) and psychosis. Poor quality of life, increased caregiver burden and a shorter life expectancy have also been associated with cognitive impairment in PD subject Forsaa et al., 2010) . As a consequence, accurate cognitive assessment and classification are very relevant.
Neuropsychological testing is the current gold standard for assessing cognition, but it is time consuming and many clinicians lack access to such assessments. It has been suggested that an ideal cognitive screening instrument in PD should be brief, evaluate a range of cognitive domains, be simple to administer, sensitive to the initial stage of cognitive impairment and unaffected by motor impairment ). Few screening instruments have been validated or developed to evaluate global cognition in PD. The Mini-Mental State Examination (MMSE) (Folstein et al., 1975) remains the most commonly used screening instrument for global cognition, even though it has not been specifically validated for use in PD subjects (Litvan et al., 2012) . More recently, the Montreal Cognitive Assessment (MoCA) test has been recommended as a better screening tool in PD (Nasreddine et al., 2005; Chou et al., 2010) .
Despite the lack of an optimal screening cutoff score for PD-MCI in the MoCA, a score of 26 or less has been proven to provide a sensitivity and negative predictive value above 80%, with a specificity ranging from 52% to 75%. Several studies have consistently shown that the MoCA is a more sensitive instrument for the detection of PD-MCI compared to the MMSE (Zadikoff et al., 2008) .
Nevertheless, the overall discriminant validity for the detection of any cognitive disorder in PD is similar for the MoCA test and the MMSE (Hoops et al., 2009) (Espino et al., 2001) . A low MMSE sensitivity and specificity in subjects with a low level of education (<4 years) has also been reported in Mexican population (Ostrosky-Solis et al., 2000) . To our knowledge, no published information regarding the MoCA test in Mexican population has been yet published.
The aim of this study is to compare the performance of the MMSE and MoCA test in terms of cognitive impairment classification in PD subjects with a low educational level.
Subjects and Methods
A prospective consecutive sample of subjects with PD fulfilling the criteria for Parkinson's disease according to the United Kingdom Parkinson's Disease SocietyBrain Bank (Lees et al.,2009) were assessed. Subjects currently receiving anticholinergic drugs or with identified secondary factors associated with cognitive impairment were excluded.
Demographic and clinical data related to PD were obtained. The level of education was defined as complete years of formal schooling received. In Mexico, high school is defined as 12 years of formal education (elementary and secondary school). The Spanish versions of the MoCA test and the MMSE were administered in a systematically counterbalanced fashion to avoid the order effects. Items common to both tests were asked only once. A score of less than 26 for both the MMSE and the MoCA test was used as a cutoff value. For domain analysis, one error in any item was considered as the failure of the whole domain for the study purposes. Trained A neurologist with expertise in movement disorders performed the clinical evaluation. Disease severity was graded in terms of the Hoehn and Yahr (HY) staging (Hoehn et al., 1967) and motor evaluation was performed using the Short Parkinson's Evaluation Scale/Scales for Outcomes in Parkinson's disease (SPES/SCOPA). The SPES/SCOPA is a short scale with good reliability and validity when compared to the UPDRS Part III. Score ranges from 0 to 63 with a higher scores relating to greater motor impairment (Marinus et al., 2004) . All subjects were on their "on" state at the time of assessment.
The Institutional Review Board and local ethics committee approved the study. All subjects provided a written informed consent before participating.
Statistical Analysis
Total scores on the MMSE and MoCA test were compared using unpaired t tests. Normality of the distribution was assessed by the Shapiro-Wilk test; when the normality assumption did not hold, nonparametric tests were performed. Comparison of nominal variables was performed using a chi-square test. Agreement between the two different clinical tools to determine the presence or absence of cognitive decline was assessed by the kappa coefficient (≤0=poor, .01-.20=slight, .21-.40=fair, .41-.60=moderate, .61-.80=substantial, and .81-1=almost perfect) [19] . A multiple regression analysis was used to determine factors that impact total score in MoCA and MMSE; independent variables included in the model were age, sex, years of schooling, Hoehn and Yahr stage, use of levodopa, use of dopamine agonist and use of monoamine oxidase inhibitors. Statistical analysis was performed using SPSS Version 16 (SPSS Inc. Chicago, IL, USA).
Results
A total of one hundred twenty eight patients (79 males and 49 females) were included. The main demographic and clinical characteristics of the sample are shown in Table 1 . The mean of total years of schooling was 8.7 ± 4.9. Fifty-two patients (40.5%) had completed high school, sixty-six patients (52%) did not complete high school and 10 (8.1%) received no formal education. In the MoCA, the domains with the greater percentage of errors include memory, visuospatial and attention. In the MMSE language and attention were the most impaired domains. Table 4 shows the percentages of errors per equivalent domain for both instruments. Multiple regression analysis showed that the years of schooling (B=0.45, p>00.1), age (B=-2.27, p=0.03) and HY stage (B=-3.49, p=0.001) were significantly correlated with the total score of the MoCA. For MMSE, only the years of schooling proved to be an independent predictor (B=-2.5, p=0.01).
Discussion
Early detection of cognitive impairment in PD subjects is required in order to implement therapeutic measures to improve the quality of life, increase life expectancy and diminish caregiver burden, as well as the risk of developing dementia . Therefore, the need exists for a highly sensible screening tool for MCI in PD subjects.
The mean years of education in our sample were lower when compared to other studies where the MoCA and MMSE have been compared [Zadikoff et al., 2008) . Nazem et al reported a mean of 15.7 ± 3.6 years of education for their study; a similar study also carried out in the United States reported a mean of 16.1 ± 3.1 years of education (Hoops et al., 2009 ). This has many implications in regards to the clinimetric and screening properties found for both tests. It has been reported that poorly educated subjects are more likely to show a floor effect on the MMSE (FrancoMarina et al., 2010) . On the other hand, MMSE ceiling effects are more frequent in highly educated subjects (van Gorp et al., 1999) . We found a higher ceiling effect for MMSE than for MoCA in our population. Previous studies have described the MoCA as less prone to present ceiling effects. Additionally, in Mexican subjects with less than four years of schooling, the specificity of the MMSE for dementia detection has been reported to be of 50% (Ostrosky-Solis et al., 2000) .
In this study, a greater proportion of PD subjects had a score below the suggested cut-off value for the assessment of MCI when using the MoCA test. This suggests that the MoCA test is a more useful test for the detection of MCI in Mexican PD subjects.
The recognition of MCI according to the MoCA has been reported to be frequent in PD subjects without evidence of cognitive impairment based on MMSE performance. In our population, 41% of subjects having a "normal" MMSE score were classified as having MCI when the MoCA test was considered; this frequency is similar to what has been previously reported. In a study conducted on two movement disorder centers in the United States, up to 52% of PD patients with a normal MMSE score met the criteria for cognitive impairment on the MoCA test . A study in Japanese population reported that two thirds of PD subjects with a normal MMSE score showed cognitive impairment according to the MoCA test (Seki et al., 2012) .
The difference of MoCA for the detection of cognitive impairment may be due to the broad range of cognitive domains tested. While the MMSE focuses primarily on memory and language abilities, the MoCA examines domains that have been proven to be particularly impaired in PD subjects. PD-MCI seems to be characterized by frontal-subcortical impairment; with greater deficiency in prefrontal tasks, visuospatial skills and memory. The onset of posterior cortical impairment portrays the transition to P (Williams-Gray et al., 2009) . It has been reported that all of the visuospatial assessments on the MoCA test, particularly the cube-copying task, are more sensitive to MCI than the interlocking pentagon task on the MMSE (Alty et al, 2012) . In our study, subjects classified as MCI on the MoCA had more mistakes on memory, visuospatial/executive function, and attention. Additionally, the MoCA test is considered to be more difficult than the MMSE ). In our study the kappa coefficient of agreement was fair, but this should be interpreted cautiously since the same rater applied both tests, and this could contravene the assumption of independence. This bias is expected to inflate the magnitude of kappa.
The primary limitation of the current study is the absence of a comprehensive neuropsychological assessment to provide a criterion standard diagnosis of MCI. This prevents the evaluation of sensitivity, specificity and predictive values of MoCA for our population and impedes the subclassification of PD-MCI. Nevertheless, the evaluation of diagnostic accuracy was not the objective of the present study. A second limitation is the lack of direct comparison between subjects with lowand high-education profile. A final limitation of this study is the lack of a validated screening cutoff score for PD-MCI for both: MoCA and MMSE. On the other hand, a score of 26 or less has been used for most published studies Nazem et al., 2009); Hoops et al., 2009; Dalrymple-Alford et al., 2010) ; this cutoff score has shown to provide great sensitivity, although specificity may be decreased. subjects with PD with a lower education level. The current study found that the MoCA classifies a greater proportion of PD subjects as having cognitive impairment. This suggests the use of MoCA will allow the recognition of more subjects who require further specific neuropsychological testing. As such, the MoCA seems to be of further use as a screening tool than the MMSE for the detection of PD-MCI in poorly educated subjects. Results from our analysis could be directly applied to other samples with a high proportion of poorly educated participants.
Conclusion

